Introduction
Tomato (Solanum lycopersicon L.) is a major horticultural crop with an estimated global production of over 162 million metric tons from an area of 4.83 million hectares (FAO, 2014) . Tomato is being produced in most of the countries of the world and United States, China, Turkey, Italy and India are the major producers. There has been an increase of 60% in the world tomato production over the recent many years. In India, it is the second most important vegetable crop next only to potato. During 2012-2013, tomato was cultivated over an area of 888000 hectares with a production of 18228000 tones (Anon, 2014) . The wide adaptation of tomato in different environments, methods of production and versatility in its uses is attributed to existing genetic variation in the genus Solanum. Due to its flowering behaviour, genetic variability of tomato can easily be exploited for the developing high yielding hybrids having desirable and specific characteristics.
Salad tomatoes must have a flavour, colour and texture that satisfy the consumer's preference. At the same time they must be suitable for post-harvest handling and marketing, even over large distances. Fruit firmness is an important quality character for marketing, transportation and domestic use. Consumer perception of the quality of tomato fruits for fresh consumption is determined by appearance, firmness and flavour Stevens (1986) . Locules present in tomato fruit play an important role in governing its quality as it is primarily correlated with fruit size and number of fruits Bhutani and Kalloo (1991) and negatively associated with fruit firmness Thakur and Kohli (2005) . Hence development of firm fruited tomato having a few locules and large size is the basic need for market quality.
Although many commercial cultivars have high agronomic performances, they perform poorly because of some genetic hindrances in diverse cross combinations. Thus crossing in a diallel fashion is the only specific and flourishing approach of measurement for the identification and selection of superior genetically recombined material. Combining ability is one of the most effective devices for selection of superior parents for hybridization and provides valuable information regarding crosses combinations to be exploited commercially also. Hence the current study was carried out to analyse some important tomato cultivars/genotypes to ascertain the relative performance regarding combining ability effects for fruit quality traits.
Materials and Methods

Materials
The experiment for the present investigation was carried out in randomized block design with three replications. Experiment was conducted at Junagadh Agricultural University (JAU), Junagadh. Geographically Junagadh is located at 21.5° N latitude and 70.5° E longitudes with an altitude of 60 m above the mean sea level. Eight tomato inbred lines viz., P 1 (Gujarat Tomato 1), P 2 (Pusa Ruby), P 3 (H 24), P 4 (Ec 490190), P 5 (ArkaVikas), P 6 (Ec 177371), P 7 (IC 89976) and P 8 (Ec 398704) were crossed in half diallel fashion to get F 1 seeds (Table 1 ). All the F 1 seed was sown and at the time of pollination about 10 plants were selfed to get F 2 seeds. The parents, F 1 hybrids and F 2 population were field evaluated using randomized complete block design with three replications. Evaluation of 64 treatments (28 F 1 s hybrids, 28 F 2 s, 8 parents) was done at a spacing of 75 x 60 cm by following recommended olericultural practices of JAU, Junagadh obligatory to raise healthy crop. Standard cultural practices included pre planting application of farmyard manure at the rate of 20 t/ha, and 37.5 kg/ha each of N, P and K as basal dose. One month after planting 37.5 kg/ha N was top dressed. The irrigation was given as and when required.
The observations were recorded for fruit weight, equatorial and polar diameter, number of locules, pericarp thickness and firmness. Fruit firmness was judged as per the method reported by Nanadasana (2005) For each test a single tomato fruit was placed centrally on blank plate secured on the heavy duty platform. The static compression test of the whole fruit was carried out at predetermined speed, forcing the flat platen kept on the fruit to apply pressure around the mid region to fruit i. e. with pedicel end at right angle to the direction of force. Once a trigger force of 20 g had been achieved the compression platen proceeded to move down on to the tomato fruit at constant loading velocity up to predetermined distance at which fruit gets rupture. At the same time, the force applied and corresponding deformations was observed from computer and results were saved on the disk. In this way this test was conducted for five tomato fruit immediately after harvest and average values are reported. The average values for fruit firmness (kg/cm) were calculated using following formula. Fruit firmness (kg/cm) = Fruit first rupture force (kg)/Deformation (cm).
Statistical Analysis
The observations were recorded on sample fruits randomly selected from five plants of each parent, F 1 and check variety and 30 plants of F 2 genotypes were compiled and averaged values of the replicated data were used for statistical analysis. The mean of each replication were tested for significance by the method suggested by Panse and Sukhatme (1987) .
Combining Ability Analysis
Combining ability analysis not only helps in identification and early assessment of breeding potential of parental lines to be included in crossing programme but also provides specific promising cross combinations to exploit heterosis or mop up the favourable fixable genes. Mean of 28 of each F 1 and F 2 progenies were arranged in a diallel table and data obtained were subjected to combining ability analysis by using model I, method 2 as described by Griffing (1956) . It included parents and one set of F 1 s without reciprocals. In this method, the experimental material is considered as a population about which the inferences are to be drawn and combining ability effects of the parents could be compared when parents themselves were used as testers to identify good combiners. In model I, it was assumed that the variety and block (replication) effects were constant but error was variable and was normally and independently distributed with zero mean and ( 2 ) variance.
Results
A diallel analysis of 28 F 1 s and F 2 s developed by crossing eight parents excluding reciprocals was carried out for tomato fruit characters. Analysis of variance revealed (Table 2 ) highly significant differences among the genotypes, parents, and hybrids for all the characters indicating the presence of significant variation among the genotypes as well as crosses studied.
Combining Ability Analysis Nature of gene action
The variations existing in the experimental material studied were partitioned into components attributable to parents, F 1 , F 2 and error sources. Further, using appropriate expectation of the observed mean squares, the component of variance attributed to parents were used as a measure of general combining ability ( 2 g), while, the variances observed due to different cross interaction were used as a measure of specific combining ability ( 2 s). Further ratio between these two estimates ( 2 g and  2 s) was worked out to find out nature of gene action involved in governance of the individual character (Table 3) Mean squares of general and specific combining ability for all studied traits are presented in Table 3 . The results showed that mean squares of general combining ability (GCA) and specific combining ability (SCA) were highly significant for all studied traits. The variances due to both GCA and SCA were significant, suggesting that both additive and non additive genetic variance were involved for genetic control of the character fruit polar and equatorial diameter, and locules number in F 1 and F 2 generations. However, the variance due to GCA was more pronounced for fruit weight, pericarp thickness and firmness as a result of additive gene action. Meanwhile, variance due to SCA as an indicator of non additive gene action, was greater for fruit polar diameter. The predictivity ratio further confirmed importance of additive genetic variance in the governance of these traits in both F 1 and F 2 generations.
GCA effects (gi)
The GCA effects of the parents used in the study for fruit characters are given in Table 4 . After the assessment of overall picture of GCA effects, it appeared that the parents differ in their GCA. Among the lines, the highest significant and positive GCA effects had shown by Ec 490190 for maximum number of characters namely fruit weight, polar and equatorial diameter, Number of locules/fruit, pericarp thickness and fruit firmnessover the generations. Next to Ec 490190, significantly positive GCA effects for fruit weight was shown by the parent H 24 was the better in F 1 generation indicating its feasibility of exploitation on commercial scale. Parent Ec 163599 had best performance for locules per fruit and fruit firmness, polar diameter and pericarp thickness thus indicating exploitation by heterosis breeding. Analysis of variance as well as predictivity ratio revealed additive genetic inheritance of mean fruit weight in both sets. 
SCA effects (Sij)
Specific combining ability effects represents dominance and epistatic components of genetic variation which are not fixable but the crosses with high SCA effects involving good general combiner parents can be exploited in future heterosis breeding program. The estimates of SCA effects of F 1 and F 2 for various characters studied are presented in Table 5 .
For fruit weight as many as 18 and 22 crosses recorded significant SCA effects in F 1 and F 2 generations, respectively (Table 5) .
In F 1 highest and lowest SCA effects were observed in cross P 4 x P 7 (22.195) and P 1 x P 4 (-13.819), respectively. However, in F 2 the highest SCA effect were recorded by P 4 x P 8 (1.576) and the lowest by P 2 x P 4 (-1.199) cross. Four and three crosses for both larger and smaller fruit weight recorded constant performance over the generations. Correspondingly P 3 x P 8 , P 1 x P 2 and P 2 x P 4 for larger fruits, had significantly positive SCA effects. While for smaller fruits, P 1 x P 4 , P 2 x P 8 and P 3 x P 4 recorded stable negative SCA estimates.
The SCA estimates for fruit polar diameter ranged from 0.537 (P 1 x P 7 ) to P 3 x P 4 (-0.361) and 1.079 (P 4 x P 8 ) to -0.751 (P 1 x P 5 ) in F 1 and F 2 generations, respectively. As in the case of fruit weight, no correspondence was observed for SCA effects among intra generations. However, the cross P 1 x P 7 involving high x low combining lines was considered as best cross in F 1 generation.
Equatorial diameter of fruit is a character related with size of the fruit and the SCA estimate was significant for 15 crosses in F 1 and 27 crosses in F 2 . The cross P 1 x P 7 in F 1 had the highest maximum (0.537) positive SCA effect followed by P 3 x P 8 (0.465), whereas, P 4 x P 8 (1.079) and P 1 x P 5 (-0.751) crosses, had the significant highest positive and negative SCA effects, respectively. The crosses P 4 x P 8 , P 3 x P 7 and P 2 x P 6 displayed highest positive significant SCA effects while the P 1 x P 5 had least significant SCA effects in both generations.
Perusal of two sets of data, it was revealed that 14 and 12 crosses had significant SCA effects in F 1 and F 2 generation, respectively. In both F 1 and F 2 generations all the significant crosses had negative effects. However in both the generations, the cross P 4 x P 7 registered significantly negative stable SCA estimates (-0.312 and -0.158) hence, it was considered as best specific cross.
Estimates of SCA effects for pericarp thickness revealed that 12 crosses in F 1 had significant SCA estimates. Whereas, in F 2 22 crosses had significant estimates, corresponding positive SCA effects were noticed in nine and ten crosses. Among significant positive stable performing crosses, the cross P 1 x P 6 (0.111 in F 1 and 0.347 in F 2 ) recorded significantly superior SCA effects over the generations hence, were considered as the best specific cross which followed by P 3 x P 6 (0.068 in F 1 and 0.333 in F 2 ) and P 2 x P 3 (0.061 in F 1 and 0.274 in F 2 ) crosses.
Whole fruit firmness is an important quality trait that conditions the post harvest life of the produce. On the basis of two generations data it was observed that eight crosses exhibited stable performance. In that P 1 x P 8 cross (0.534 in F 1 and 0.505 in F 2 ) had higher GCA estimate in desired direction over the generations. Whereas, the cross P 2 x P 8 (-0.921 in F 1 and -0.479 in F 2 ) had constantly significant negative SCA effects in both generations. 
Discussion
The rapidly increasing vegetarian population of the world necessitates studying heterotic effects in vegetable crops for increasing vegetable yield potential. One of the means for the improvement of the yields and other characteristics in vegetable crops could be the use of F 1 hybrids. Through the genetic breeding, using the hybridization technique, plants of different vegetable crops have been obtained with a better adaptation to certain environments, more productive, resistant or tolerant to some specific insects or diseases, in general, plants with desirable agronomic characters, in particular. This could be achieved only by exploring maximum genetic potential from available germplasm of vegetable crops.
While studying the nature of gene action governing six traits, it has been observed that overwhelming additive gene action is responsible for the control of all the traits studied except fruit polar diameter, fruit equatorial diameter and locules per fruit for which preponderance of both additive and non additive gene actions was evident. The response of additive gene action for the conditioning of fruit weight by Conti (1974) , Singh and Mital (1978) and Peter and Rai (1980) ; fruit equatorial diameter by Singh and Mital (1978) , Peter and Rai (1980) and Rai et al. (1997) ; locules per fruit by Sidhu et al. (1981) , Moya et al. (1986) , Bhutani and Kalloo (1991) and Dhaliwal et al. (2000) ; fruit pericarp thickness by Raijadhav and Kale (1987) and Rai et al. (1997) and fruit firmness by Roopa et al. (2001) , Rai et al. (2003) and Thakur and Kohli (2005) have been reported irrespective of the parental materials used, methods followed and environments in which experiments conducted. The successful breeding methods will be those that accumulate the genes to form superior gene constellations interacting in a favorable manner. These findings suggested heterosis breeding as the best possible option for improving the above traits of tomato.The response of non additive gene action in inheritance over the generations for the conditioning of fruit polar diameter was earlier reported by Singh and Mital (1978) .
Parents P 4 (Ec 490130) and P 7 (Ec 177371) producing firm fruited small to medium sized tomato fruits had constant expression of GCA effects over the generations (Table 6 ). Hence, both exotic lines were regarded as best general combiners in the present study. However, no perfect correspondence between these high combiners in both generations was found with that of their respective combinations for SCA effects. Hence, P 1 x P 4 and P 4 x P 8 crosses having high x high and high x low combinations, respectively in F 1 only. While in F 2, P 1 x P 7 and P 3 x P 4 having high x high and high x low combining lines were considered as best crosses for greater fruit firmness. Therefore, heterosis breeding in F 1 and selection of desirable lines in F 2 generation is recommended for further improvement of this trait. Joshi et al. (2005) also reported best specific cross having other than best combining parents.
Conclusion
The concept of combining ability is a major landmark in understanding the genetic architecture of populations and in planning breeding programmes. It helps in choosing the parents for hybridization for isolating desirable recombinants in advanced generations or for using in heterosis breeding. The hybrid breeding programme in several crops is primarily based on the concept of specific combining ability.
From the data presented in this study, it could be concluded that the cross combination P 1 x P 4 and P 4 x P 8 showed desirable SCA effects in F 1 and the crosses P 1 x P 7 and P 3 x P 4 in F 2 for fresh fruit firmness. Therefore these promising crosses could be used for developing tomato hybrids for distant markets.
